Introduction
Sigmoid diverticulitis (SD) is among the most common diseases in the West; its incidence is rising as the average age of the population increases [1, 2] . The clinical spectrum of SD varies from asymptomatic diverticulosis to symptomatic disease with potentially fatal complications. Sigmoid resection with restoration of continuity has been the prevailing modality for treating acute and recurrent SD, and is often performed as a laparoscopyassisted procedure [3] . However, laparoscopic resection is not without risk. Although some complications associated with colorectal surgery have been reduced with the use of laparoscopy, including respiratory sequelae, venous thromboembolism, and the incidence of wound infection, other problems such as anastomotic leakage, bowel obstruction, and bleeding persist regardless of the approach used [4] [5] [6] . They can lead to significant morbidity and mortality if not recognized early and treated appropriately. For elective sigmoid resection, the postoperative morbidity rate is 15-20% [7] , whereas morbidity rates reach up to 30% in patients with perforated diverticulitis [8] [9] [10] [11] [12] [13] . However, regarding the management of complications, it makes no difference whether the complication is the result of an emergency or an elective procedure. To achieve successful management, early diagnosis is mandatory in cases of deviation from the normal postoperative course. In the following, only the management of common surgical complications is discussed. Anastomotic leakage with peritonitis is the main complication after colorectal surgery and is associated with unfavorable clinical outcomes such as short-term morbidity and mortality. Some more common and serious surgical complications after sigmoid resection are wound infections, small bowel obstruction, bleeding, and urinary tract complications. The present work gives an overview of the management of complications in the surgical treatment of SD based on the current literature.
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Summary
Background:
The clinical spectrum of sigmoid diverticulitis (SD) varies from asymptomatic diverticulosis to symptomatic disease with potentially fatal complications. Sigmoid colectomy with restoration of continuity has been the prevailing modality for treating acute and recurrent SD, and is often performed as a laparoscopy-assisted procedure. For elective sigmoid colectomy, the postoperative morbidity rate is 15-20% whereas morbidity rates reach up to 30% in patients who undergo emergency surgery for perforated SD. Some of the more common and serious surgical complications after sigmoid colectomy are anastomotic leaks and peritonitis, wound infections, small bowel obstruction, postoperative bleeding, and injuries to the urinary tract structures. Regarding the management of complications, it makes no difference whether the complication is a result of an emergency or an elective procedure. Methods: The present work gives an overview of the management of complications in the surgical treatment of SD based on the current literature. Results: To achieve successful management, early diagnosis is mandatory in cases of deviation from the normal postoperative course. If diagnostic procedures fail to deliver a correlate for the clinical situation of the patient, re-laparotomy or re-laparoscopy still remain among the most important diagnostic and/or therapeutic principles in visceral surgery when a patient's clinical status deteriorates. Conclusion: The ability to recognize and successfully manage complications is a crucial part of the surgical treatment of diverticular disease and should be mastered by any surgeon qualified in this field.
Complication Management
General Management
At each event which deviates from the expected uneventful postoperative course a surgical complication must be excluded first before rare differential diagnoses can be considered. This does not only apply to technically easy interventions, but is particularly important for difficult or technically unsatisfactory surgical procedures. The intraoperative situs is the best indicator of possible postoperative complications [14] . Warning tags or symptoms of postoperative complications always to be considered include persistent or acute pain, fever, paralytic ileus, signs of already disturbed organ functions (e.g. cardiopulmonary, renal), inflammation-related laboratory findings, increase in sepsis parameters, and in particular abnormalities in the drainage secretions (size, aspect, consistency). If these events occur separately or in combination, targeted diagnostics must be initiated immediately.
Sonography is able to specifically identify free fluid or air, and if necessary allows for a sample to be taken by percutaneous puncture or drainage. In addition, sonographic follow-up examinations can be done during conservative treatment at any time. Sonography, however, is technically difficult in the case of major bloating, extreme obesity, major abdominal drainage, and wound or abdominal wall defects.
For computed tomography (CT) the same considerations apply as for ultrasound. As advantages surgeons consider standardized documentation of findings, semi-quantitative density measurement (differential diagnosis: hematoma or abscess), and that an assessment is possible even when sonographic findings are inconclusive.
However, if no morphological correlate for the clinical situation of the patient can be delivered by the specified diagnostic methods, and there is still a high degree of suspicion especially surrounding septic complications, diagnostic re-laparotomy or re-laparoscopy remain as ultima ratio. Nowadays most elective sigmoid colectomies are performed via a laparoscopic approach. Thus re-laparoscopy is a simple and elegant procedure to rule out or pinpoint the presence of a postsurgical complication. The decision to perform re-laparotomy or re-laparoscopy is always quite difficult to make, but a delayed or not performed reoperation could be fatal [15] . To achieve successful management, early diagnosis is mandatory in cases of deviation from the normal postoperative course.
Specific Management
Anastomotic Leakage Anastomotic leaks adversely affect the morbidity and mortality of postoperative patients, may result in a poorer prognosis for functional outcome, and increase the risk of permanent stoma formation. The incidence of anastomotic leakage varies greatly from 1 to 39%, and is dependent on the surgical method and the definition [16] [17] [18] . Anastomotic leakage manifests as a spectrum of clinical presentations [19] from obvious peritonism to unspecific signs such as cardiac arrhythmias (e.g. atrial fibrillation) and lower respiratory tract infections. In addition, some anastomotic leaks are manifest only radiologically, occurring in an otherwise asymptomatic patient. In both instances making the diagnosis of anastomotic leakage can prove difficult. Previous studies looking at the diagnosis of anastomotic leaks [20] concluded that significant clinical indicators of leakage were: fever (>38 ° C) on day 2, absence of bowel action on day 4, diarrhea before day 7, >400 ml of fluid in the abdominal drain by day 3, renal failure on day 3, and leukocytosis on day 7. In the study by Khan et al. [21] the median time to leak diagnosis was not until 7 days postoperatively, and our findings also support the significance of fever (median temperature 37.8 ° C) at this time. The diagnosis of anastomotic leaks may require the use of ultrasound, CT, or contrast studies, but in a subset of patients the decision to reoperate may be driven by clinical aspects alone. The most common investigations performed in the study by Khan et al. [21] were CT scan (41.5%), Gastrografin ® (Bracco Diagnostics Inc., Monroe Township, NJ, USA) enema (14.6%), and examination under anesthesia (12.2%). Other authors [20, 22] demonstrated that CT scanning with rectal contrast was superior to contrast enemas in the diagnosis of anastomotic leaks following large bowel resections, and was also better at diagnosing intra-abdominal and pelvic abscesses. However, the simplest evidence of intestinal leakage derives from the differentiation of wound secretions and drainage fluids. The diagnosis is secured when intestinal secretion is found to be present in the target drainage either directly or visualized by a marker dye. To achieve successful management, early diagnosis is mandatory in all cases of deviation from the normal postoperative course.
The goals of management are to treat the leak effectively, control sepsis, and convert an urgent or emergent situation into an elective one. The level and intensity of treatment varies with respect to the cause, location, and size of the leak, and the condition and comorbidities of the patient [23] .
Stable patients without signs of peritonitis usually can be managed conservatively with the use of drain tubes [24] . This is especially true for smaller anastomotic leaks and existing targeted drainage with complete outward drainage of exudate and without a septic picture. These conditions may be treated conservatively, and spontaneous healing can be awaited. Even larger anastomotic leaks in an extraperitoneal location in the pelvis (typical for anastomoses in the upper third of the rectum after sigmoid resection) can heal secondarily if the anastomosis is protected by a stoma [25] .
Large collections are often amenable to percutaneous, transgluteal, or transanal image-guided catheter drainage. The images should be reviewed by an interventional radiologist to identify a safe window of access avoiding vascular structures and other organs. Abscesses of <3 cm in diameter will often resolve with a course of antibiotics. In the era of modern CT scanning and interventional radiology, the routine practice of repeat laparotomy, abdominal washouts, large sump drains, and open abdominal wound management is rarely necessary and can be reserved for patients who fail to respond to or deteriorate following percutaneous drainage or who are not considered candidates for this procedure.
Management of patients with progressive generalized peritonitis with or without septic shock requires balanced rehydration, broad spectrum antibiotics, and urgent laparotomy [23] . Laparoscopic management may be considered if the surgeon has sufficient laparoscopic skills and reoperation experience [26] [27] [28] . At the time of surgery the anastomosis should be scrutinized for signs which led to its failure. This will guide the selection of the appropriate method of repair. If the findings include ischemia and necrosis greater than one third of the anastomosis, the anastomosis should be resected and a protective stoma created [21] . When performed in this fashion, subsequent ostomy reversal can be done via a circumstomal incision, obviating the need for formal laparotomy and its associated morbidity. If a smaller leak is identified within an otherwise healthy bowel, the anastomosis can usually be salvaged with suture repair, proximal diversion, and washout of the distal segment [29] . Our preferred diversion is a loop ileostomy. In the case of diffuse peritonitis with septic complication, the Hartmann's procedure should be performed as the safest method.
Peritonitis
One of the basic principles in the treatment of peritonitis described by Kirschner [30] includes sufficient surgical treatment of the primary source of infection, intraoperative lavage and necrosectomy to reduce bacteria, and definitive abdominal closure with placement of a local drain. An extension of this treatment principle is step-by-step lavage with the aim to clean the abdominal cavity and prevent persistent intra-abdominal infections [31] . A key advantage is the direct control of the initial source of infection and the timely detection of emerging complications due to seam insufficiency, necrotic tissue, and intestinal perforation, all of which can be the starting point of persistent intra-abdominal infections.
Based on improved intensive therapy, highly effective antibiotics, and advances in interventional radiology, a 'wait and see' attitude has become established. 85% of patients with diffuse peritonitis can be treated successfully with the primary intervention inaugurated by Kirschner alone [30] . Programmed re-laparotomies are not required. Only if patients with maximum intensive therapy and anti-infective treatment do not improve or worsen, a laparotomy 'on demand' should be performed [32] .
A randomized trial by Van Ruler et al. [33] showed the advantages of the 'on-demand' approach compared to step-by-step lavage including shorter stay in the intensive care unit, shorter length of hospital stay, and significant cost reduction. For the other competing processes, e.g. closed continuous peritoneal lavage, vacuum treatment, open dorsoventral continuous lavage, and leaving the abdomen open, so far no controlled studies exist due to a lack of comparability of these very heterogeneous patient populations. Thus, a final recommendation is currently not possible [31] .
The concept of 'on demand' laparotomy is undoubtedly a more gentle approach for patients favoring faster rehabilitation. The disadvantage is that inspection of the abdominal cavity is not possible during the postoperative course. Thus, postoperative monitoring has to be more subtle and intense. Day by day it must be decided whether surgical eradication of the infectious focus is successful and whether abdominal sepsis is controlled or a laparotomy required. For this decision dilemma, however, no clear concepts exist, and a reliable score of clinical predictors that indicate a persistent abdominal sepsis is to date not available. Hence the decision rests on surgical experience.
If reoperation is needed, this can also be done laparoscopically. Peritonitis should not be considered a contraindication for the laparoscopic approach [34] [35] [36] [37] [38] . Current evidence demonstrates that laparoscopy can be successfully used in the emergency treatment of peritonitis from various conditions such as complicated diverticulitis, acute appendicitis, perforated peptic ulcer, or gynecological disease [39] . It has the great advantage of access to all abdominal regions, allowing careful examination of abdominal viscera and thorough cleansing of the peritoneal cavity including deep abdominal areas [39] . However, no definitive recommendations can be made at present based on the existing data.
Wound Infection
Superficial wound infections are the most common complication of colorectal surgery. Elective colorectal resection in which there is controlled entry into the gastrointestinal tract is classified as a clean-contaminated wound with a predicted incidence of surgical site infection of 5-10%. Risk factors have been identified and include malnutrition, diabetes, immunosuppression, age > 60 years, American Society of Anesthesia score > 2, fecal contamination, length of hospitalization before surgery, and extensive surgery [40] . The previously held belief that preoperative cathartic and oral antibiotic bowel preparation is mandatory to prevent postoperative infections has recently been dispelled by multiple randomized controlled trials [41] .
Wound infections typically present around the fifth postoperative day and are characterized by any combination of erythema, induration, tenderness, or drainage at the wound site. Systemic signs of fever and tachycardia may also be present. The infection may manifest as an abscess, phlegmon, cellulitis, or a combination of these. If infection is suspected, the wound should be carefully inspected, and when a collection of fluid is detected, it is drained by reopening the wound. Gram stain can assist in management and antibiotic selection. The wound is left open to heal by secondary intention. In most cases cellulitis associated with an abscess will resolve with drainage alone. Antibiotics are usually unnecessary except in cases of cellulitis or an immunosuppressed host.
Necrotizing wound infections are usually the result of either Clostridium perfringens or beta-hemolytic streptococcus, and are potentially life-threatening. These infections generally present within the first few days after surgery and can be difficult to diagnose. Unusually severe wound pain in combination with a thinbodied gray fluid draining from the incision is highly suggestive. These patients should be returned to the operating room for immediate wound exploration and debridement of all devitalized tissue. Broad spectrum antibiotic coverage should include high-dose penicillin.
Small Bowel Obstruction
Early postoperative bowel obstruction is rare, occurring in 1% of patients following intestinal surgery [42] . This time period accounts for 5-29% of all small bowel obstructions [42] [43] [44] . Most obstructions are caused by adhesions which form within 72 h of surgery, then become very dense and vascularize after 2 weeks. Obstructions are more common following colorectal procedures than following appendectomy or procedures located above the transverse colon. Signs and symptoms of early postoperative small bowel obstruction are similar to (and hard to differentiate from) the more common paralytic ileus. Patients typically develop abdominal distention, nausea, and vomiting, and cannot tolerate nasogastric tube clamping or removal. Most patients have a slow smoldering course with emergency situations being the exception.
There is a fine balance between waiting for the obstruction to resolve and rushing a patient to the operating room. In the first week following surgery, obstruction is hard to differentiate from ileus. Between 2 weeks and 2 months postop, adhesions become thick and vascular and obliterate natural planes, making surgery much more difficult and prone to complications. The decision to operate should therefore occur between 7 and 14 days [43] .
Plain films readily diagnose most small bowel obstructions. Oral administration of water-soluble contrast medium followed by an abdominal plain film or CT scan 4 h later is a good predictor of resolution of a small bowel obstruction. Contrast medium in the colon indicates that the obstruction is likely to resolve with nonsurgical means [45] [46] [47] . CT scan may be additionally useful for surgical planning by identifying signs of ischemia and other intraabdominal processes and in localizing the site of obstruction. Management of stable patients involves fluid and electrolyte therapy, bowel rest, nasogastric tube drainage, and nutritional evaluation. Total parenteral nutrition should be started after 7 days. Operation is advised for high-grade or complete bowel obstruction, concern for a strangulated bowel, or unresolved small bowel obstruction despite prolonged nasogastric tube decompression [44] . Most cases resolve with non-surgical management. If surgery becomes necessary, it should occur prior to the 2-week mark after which the acute adhesions become dense, vascular, and problematic. Surgery involves careful re-exploration and lysis of adhesions. Operative findings usually reveal either a single adhesive band or multiple matted adhesions, both modalities occurring with similar frequency. Laparoscopic exploration and adhesiolysis is being increasingly utilized for small bowel obstructions [48] . Advanced laparoscopic skills and experience are a prerequisite. Poor candidates for laparoscopic management include patients with signs of peritonitis, multiple previous operations for small bowel obstruction, small bowel diameter > 4 cm, or other medical contraindications for laparoscopy [49] . Pneumoperitoneum should be established with an open technique at a site remote from the previous incision. Atraumatic graspers are used to explore the bowel in a retrograde fashion beginning with decompressed bowel at the ileocecal valve. Distended bowel is fragile and should not be grasped: grasping the adjacent mesentery reduces the risk of inadvertent bowel perforation. Adhesiolysis is best performed with scissors or bipolar cautery devices to reduce the risk of adjacent bowel injury. Conversion rates range from 7 to 43% [48] . Proactive reasons to convert include poor visualization, non-viable intestine, multiple dense adhesions, deep pelvic adhesions, and failure to progress within a reasonable amount of time [50] .
Bleeding
Postoperative bleeding can be a life-threatening condition. Patients with early postoperative bleeding (<48 h) have to be reoperated after sonographic bedside diagnosis without further time-consuming diagnostic procedures. Intraoperative localization of the source of bleeding can be challenging. Careful peritoneal lavage to remove blood and clots, and accurate examination of the trocar sites and the raw surfaces of dissection (commonly the retroperitoneum or pelvis) are required [51] . The combined use of different devices to achieve hemostasis may be useful.
Serious pelvic bleeding during surgery is usually due to injury to the presacral venous plexus or the internal iliac vessels or their branches. Presacral venous bleeding can be difficult to control due to the fragile nature and special anatomy of the presacral venous plexus. Attempts of electrocoagulation or suture ligation may worsen the bleeding and should be avoided. Direct pressure while the patient is being rehydrated by the anesthesia care team is usually the first step. Once stabilized, methods such as sterile thumbtacks, occluded pins, or a rectus muscle patch may be employed [52] [53] [54] . The incidence of anastomotic hemorrhage is low (0.5-1%) [55] . Many anastomotic bleeds are self-limiting and do not require intervention. Distal anastomoses may be localized endoscopically and controlled with injections of dilute epinephrine or short bursts of cautery. Manipulation may increase the incidence of anastomotic leakage. More proximal anastomoses may require operative exploration for control. If suture reinforcement is not effective or if the bleeding source is not obvious, dismantling the anastomosis with resection and re-anastomosis may be required. In the case of late postoperative bleeding (>48 h), e.g. following septic erosion, angiography provides access to the exact site of bleeding and additionally offers the possibility of simultaneous interventional hemostasis by embolization or bypassing of the corresponding vessel sections with covered stents.
Urinary Tract Complications
Ureter injuries in colorectal surgery most commonly occur during left-sided colon resections. The following particular steps are at risk during sigmoid resection: ligation of the inferior mesenteric artery and mobilization of the upper mesorectum at the level of the sacral promontory. The key for avoiding a major complication is the intraoperative recognition and repair of a ureteral injury [56] . This may be facilitated by the use of ureteral stents. Indigo Carmine TM (Akorn Inc., Lake Forest, IL, USA) dye may also be administered if there is suspicion of ureteral injury. The retroperitoneal tissues are then inspected for staining. Repair of ureteral injuries is best performed by a urologist if available. Distal ureteral injuries are best managed by ureteroneocystostomy with or without a vesico-psoas hitch. Mid-ureteral and proximal ureteral injuries can potentially be managed by ureteroureterostomy [57] .
Bladder injuries are relatively common, especially in the setting of an adherent inflammatory rectosigmoid tumor or diverticular phlegmon [58] . When the bladder wall is either resected or opened, the resulting defect can be closed in two layers with a Foley catheter left in place for 7-10 days postoperatively [59] . A cystogram is often obtained prior to removal of the catheter to confirm healing. Interposition of the omentum between any bladder repair and a bowel anastomosis is advised to prevent fistulization.
Conclusion
Anastomotic leakage with peritonitis is a rare but very important complication following emergency and elective surgery for SD, and is associated with unfavorable clinical outcomes such as shortterm morbidity and mortality. To achieve successful management, early diagnosis is mandatory in all cases of deviation from the normal postoperative course. If adequate diagnostic methods fail to provide a morphological correlate for the patient's clinical situation, re-laparotomy or re-laparoscopy still remain among the most important diagnostic and/or therapeutic principles in visceral surgery. The goals of anastomotic leakage management are to treat the leak effectively, control sepsis, and convert an urgent or emergent situation into an elective one. In the surgical treatment of peritonitis, early diagnosis of persistent abdominal sepsis and emerging intra-abdominal complications during the course of treatment are crucial for successful treatment.
The ability to recognize and successfully manage complications is a crucial part of surgical treatment of diverticular disease and should be mastered by any surgeon qualified in this field.
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